Abstract Soil and sediment samples obtained from Orange MR dye contaminated habitat were screened for heterotrophic bacterial population. The heterotrophic bacterial density of dye-contaminated soil was 2.14 9 10 6 CFU/g. The generic composition of heterotrophic bacterial population was primarily composed of 10% of Proteus sp., 15% Aeromonas sp., 20% Bacillus sp., 25% Pseudomonas sp. and 30% Micrococcus sp. The bacterial strain that decolorized the azo dye Orange MR up to 900 ppm was identified as Micrococcus sp. The optimum inoculum load, pH and temperature were found to be 5%, 6 and 35°C, respectively. The rate of decolorization was assessed using spectrophotometer at 530 nm and the percentage of decolorization was ascertained. The autochthonous bacterial isolate was able to utilize the dye as both nitrogen and carbon source.
Introduction
Azo dyes accounts for the greatest part of all textile dye stuffs produced and have been the most universally used synthetic dyes in textile, food, leather, pharmaceutical, paper and cosmetic industries [1] [2] [3] and eventually more than 7 9 10 5 metric tons of these dyes are globally produced every year [4] . Azo dyes are synthetic organic colourants characterized by great structural variety. They have the same chromophore N=N and different auxochromes such as NH 2 , NR 2 and OH groups [5] . Azo dyes at high concentrations and their intermediate amines pose environmental hazards due to their toxicity and potential carcinogenicity [6] . Microbes can degrade azo dyes both aerobically and anaerobically [7] and aerobic degradation is more efficient than anaerobic degradation. In the present study an effort was made to decolourise the Orange MR, azo dye aerobically by the autochthonous bacteria. Orange MR is an azo dye extensively used in textile dyeing and hence this dye has been selected for the present study. An attempt was made to isolate autochthonous bacteria capable of degrading Orange MR under laboratory conditions with a view of extending its utility in eco-restoration process.
Materials and Methods

Segregation of Dye Degrading Bacteria
Soil samples were collected from five different azo dye contaminated sites in Kanchipuram town, Tamil Nadu, India. The total heterotrophic bacterial population of the soil samples were analysed by the pour plate technique employing nutrient agar. Morphologically dissimilar and prominent colonies were picked and restreaked on nutrient agar to ensure purity and identified up to the generic level as per the scheme of previous work of Simudu and Aiso [8] and Bergey's Manual [9] was also referred in the identification procedures. were prepared. To this 0.1 ml of the soil suspension was spread plated and incubated at 37°C for 24-36 h. Three bacterial strains such as Micrococcus sp., DBS1, DBS 2 and DBS 3 which were able to resist high azo dye concentration of 900 ppm were isolated from nutrient agar plates incorporated with dye. To evaluate their dye degradation efficiency these isolates were streaked on dye incorporated plates. Micrococcus sp. DBS 2 was able to produce clear and distinct zone of clearance of dye around the growth. This strain was selected for further analysis.
Scanning of Dye for its Absorbance Maxima, Decolorization and Optimization Studies
The maximum absorbance of the dye incorporated broth was determined. It was found to be 530 nm and hence the decolorization was assayed at 530 nm using a spectrophotometer. The 250 ml nutrient broths was incorporated with dye at ten different concentrations from 100 to 1000 ppm were inoculated with 24 h old bacterial culture of Micrococcus sp. DBS 2 at 5% (v/v) concentration and incubated at 37°C for 48 h. Aliquots were withdrawn from the culture broth at 12 h intervals and centrifuged at 10,000 rpm for 10 min in a tabletop centrifuge and the bacterial cells were removed as pellets. The supernatant was analysed spectrophotometrically at 530 nm and the decolorization was calculated using the following formula described in the earlier work of Sani and Banerjee [10] Percentage of decolorization
¼
Initial absorbance value À Final absorbance value Â 100 Initial absorbance value
As a preamble to use Micrococcus sp., for decolorization experiments, optimization studies with regard to pH, temperature and inoculum load were also carried out. Five different sets of nutrient broth (250 ml), each incorporated with nine different concentrations (100-900 ppm) of Orange MR was prepared separately. Each set was inoculated with different amounts of inoculums ranging from 1 to 5% (i.e., 1 ml inoculum/100 ml of broth; for 5%: 5 ml of inoculum/100 ml of broth). The flasks were incubated at 37°C for 48 h. At 12 h interval, the decolorization was monitored spectrophotometerically, using uncoloured broth as control. The optimum amount of inoculum (i.e., 5% consisting of 9 9 10 4 counts) capable of producing maximum percentage of decolorization was taken as standard for further analysis. The pH of the seven different sets of nutrient broths (250 ml) each incorporated with three different concentrations of 300, 500 and 700 ppm of the dye separately were adjusted to pH 4, 5, 6, 7, 8, 9 and 10 (using 0.1 N, HCl and NaOH) and were inoculated with 5% (consisting of 9 9 10 4 counts) of 24 h old bacterial culture of DBS-2. All the seven sets were incubated at 37°C for 48 h. Aliquots were withdrawn from the culture broth at a regular interval of 12 h and analysed for decolorization. The optimal pH was assessed on the basis of maximum decolorization. Four different sets of sterile nutrient broth (250 ml) each incorporated with three different concentrations of 300, 500 and 700 ppm of Orange MR was prepared separately and inoculated with 5% (consisting of 9 9 10 4 counts) of 24 h old bacterial culture. Each set of inoculated flasks was incubated at different temperatures of 30, 35, 40 and 45°C. The optical density was measured at 12 h interval up to 48 h, using uninoculated broth as control. From the optical density, the percentage of decolorization was calculated. The temperature, which affected maximum efficiency of the bacterial strain, was used as another important environmental parameter.
Utilization of Dye as Carbon and Nitrogen Source
The bacterial strain Micrococcus sp. DBS 2 was tested for its dye degrading capacity. Two sets of mineral salt medium was made each by adding per litre of distilled water; [11] . To one set dye was added at three different concentrations of 300, 500 and 700 ppm as nitrogen source and 1% glucose was added as carbon source. To another source the azo dye was added as carbon source and ammonium nitrate (0.03 g/100 ml) was added as nitrogen source. Both the sets were inoculated with 5% (consisting of 9 9 10 4 counts) of saline washed 24 h old bacterial culture and incubated at 35°C for 10-15 days. The culture broths were assayed for decolorization after the incubation period.
Results and Discussion
The total heterotrophic bacterial population (THBP) of the dye contaminated soil was determined by adopting pour plate technique and it was found to be 2.14 9 10 6 CFU/g. The occurrence of azo dye resistant bacteria in significant population at higher concentration emphasized the metabolic potential of autochthonous microorganisms. Knap and Newby [7] have reported the occurrence of dye resistant microorganisms in the contaminated soil. Mariappan et al. [12] have recorded an appreciable amount of THBP in the azo dye contaminated soil ranging from 13.2 9 10 7 (site 4) to 32 9 10 7 (site 1). When compared to the present study comparatively higher number of total viable bacterial count (8 9 10 6 CFU/ml) was reported for the azo dyecontaminated water of river Bhadar by Doctor et al. [13] . The occurrence of high bacterial load in the dye-contaminated soil may be either due to the enrichment of the dye degradable population or the dilution of the dye which might have lowered the toxicity of the dye.
The THBP bacterial strains were isolated and identified up to the generic level. The dye contaminated soil was dominated by 30% Micrococcus sp. followed by 25% Pseudomonas sp., 20% Bacillus sp., 15% Aeromonas sp. and 10% Proteus sp. as furnished in Table 1 . This observation was found to be in accordance with the previous studies of Grigbsy et al. [14] on dye degradation using Sreptomyces chromofuscus and Mariappan et al. [12] on Orange G by Pseudomonas sp, Bacillus sp. and Escherichia sp. Sharma et al. [15] collected various soil and sludge samples from the vicinity of textile dyeing industries and waste disposal sites and identified five bacterial isolates belonging to the genera Bacillus, Alkaligenes and Aeromonas. From the dye contaminated water of river Bhadar different bacterial species such as 80.0% E. coli, 15.0% Pseudomonas aeruginosa and 5.0% Klebsiella pneumoniae were identified by Doctor et al. [13] .
The dye resistant potential of the autochthonous bacteria of the dye contaminated soil was determined and presented in Table 2 . Only six colonies were observed at the concentration of 900 ppm and this clearly indicated the deleterious effect of the dye on the native bacteria. The dye resistant bacterial isolates were characterized as Micrococcus sp. and labeled as DBS 1, DBS 2 and DBS 3. Among these three strains DBS 2 was able to produce prominent and distinct zone of clearance of dye around their growth up to 900 ppm and beyond this concentration this strain was unable to decolourise Orange MR. Based on the efficiency of decolorization, DBS 2 was employed for further investigations. Micrococcus sp. DBS 2 was able to decolorize the dye up to 900 ppm and the decolorization Fig. 1 . The decolorization of Orange MR was 36.34% after 48 h. At low concentration of 100 ppm the percentage of decolorization was 93.18% within 48 h but at high concentrations of 900 ppm the decolorization percentage was less i.e., 36.34% even after the prolonged incubation period of 48 h. The percentage of dye decolorization was inversely proportional to the concentration of dye (Fig. 1) . Zimmermann et al. [16] reported the degradative potential of Pseudomonas KF 46 on the azo dye Orange II. Similar result was obtained by Bumpus and Brock [17] in their experiment on the degradation of crystal violet by P. chyrosporium.
As a preamble to use this strain for decolorization experiments optimization studies were carried out. The inoculum load of 5% was observed to bring about efficient decolorization of Orange MR within 48 h. The optimum pH was 6 and the temperature optimum of DBS 2 was found to be at 35°C (Figs. 2, 3, respectively) . From the data presented in Table 3 it could be inferred that the chosen bacterial strain had the ability to utilize Orange MR both as a source of carbon and nitrogen. Grigsby et al. [14] reported an enhanced degradation of azo dyes at 37°C by native micro flora. Mariappan et al. [12] recorded maximum degradation of the azo dye orange G by Pseudomonas sp SACO1 at 37°C and Escherichia sp. SACO 2 at 44°C. It was well documented that Knapp and Newby [7] employed neutral pH for the degradation of azo dyes using bacterial consortia. Zimmermann et al. [16] also employed neutral pH for using Pseudomonas KF 46 to degrade azo dyes. Similar pH dependent dye degradation efficiency of Bacillus sp and Pseudomonas sp was reported by Mariappan et al. [12] . They reported that the maximum decolorization was brought about by Bacillus sp., at a pH of 10 and by Pseudomonas sp., at pH 8. The chosen bacterial strain, DBS 2 had the ability to utilize Orange MR both as a source of carbon and nitrogen. Student's t test analysis was carried out on the ability of DBS 2 to utilize the dye as carbon and nitrogen source. The mean values of different concentrations of orange MR i.e., 100, 200 and 300 ppms showed extremely high significant difference (P \ 0.0001). It becomes explicit from Student's t test that the efficacy of the isolated strain DBS 2 to utilize the dye as nitrogen source was higher than its ability to utilize the dye as carbon source (Table 3) . Similar utilization of azo dyes as carbon source and nitrogen source by the native bacterial isolates was reported by Mariappan et al. [12] . More often azo dye degrading organisms metabolize and utilize azo dye as nitrogen source despite of the strength of azo bond. Razoflores et al. [18] have remarked such potentials of utilizing azo dyes as energy, nitrogen and carbon sources by anaerobic bacteria. Hu [19] has reported the ability of Pseudomonas luteola to grow and bring about 95% decolorization of azo dye when exposed to media with azo dye RP 2 B without nitrogen supplementation. Similar observation was made by O'Neill et al. [20] also. The preliminary investigation on occurrence of azo dye resistant bacterial population and their decolorization potential provide vital basic data on the use of native micro flora in azo dye degradation. The significant role of autochthonous bacteria in bioremediation has been emphasized in the present study. Thus, Micrococcus DBS 2 isolated in the present study affirmed as a promising candidate for the biodegradation of dye industry effluent. Further studies on analytical aspects of the biotransformation and fate of metabolites would make it possible to utilize those bacteria for bioremediation of Orange MR polluted habitats.
